Background: In settings with low background prevalence of tuberculosis (TB) infection, interferon-g release assays (IGRA) could be useful for diagnosing active TB. This study aims to evaluate the performance of QuantiFERON ® -TB Gold (QFT-G) in the investigation for suspected active TB, with particular attention to patients originating in high-incidence countries. Furthermore, factors associated with QFT-G results in patients with active TB were assessed.
Background
Even in low prevalence regions, TB is a common differential diagnosis in infectious disease practice, and different manifestations of TB may be encountered in all medical disciplines. Whereas most cases of pulmonary tuberculosis can be easily identified by detection of bacteria in airway secretions, the diagnosis of extrapulmonary TB is often difficult to establish. Recently, new diagnostic kits for tuberculosis infection, known as interferon-gamma release assays (IGRA:s), have become commercially available. T-SPOT ® . TB (Oxford Immunotec Ltd.) is an assay that enumerates TB specific T-lymphocytes by Elispot technique [1] , whereas QuantiFERON ® -TB and QuantiF-ERON ® -TB Gold (QFT-G; Cellestis Ltd.), are based on ELISA-techniques that measure g -interferon released by TB specific T-lymphocytes [2] . Both of these tests appear to have higher specificity than the tuberculin skin test (TST) for TB infection [3] [4] [5] [6] , but the absence of a definite method to diagnose latent TB infection makes direct comparison between diagnostic methods impossible. In lowprevalence regions, TST is of limited value for detection of TB infection, since a high proportion of reactive skin tests have other aetiologies than TB [7] , such as recent BCG vaccination or exposure to environmental mycobacteria. In addition to low specificity, the use of TST as a screening tool in patients with suspected active TB is hampered by high rates of false negative reactions in patients with active TB, especially in case of underlying immunodeficiency [8, 9] . In the near future IGRA:s may even replace TST as a test for diagnosing latent TB. However, at present their role in the diagnostic process for suspected active infection remains uncertain.
Like TST, IGRA:s cannot differentiate between active and latent TB. A number of studies examining IGRA results in peripheral blood from patients with active TB has been published, and have found surprisingly low sensitivity [10] [11] [12] [13] . Thus, their role in diagnosing active TB remains uncertain. However, promising results have recently been published with IGRA testing performed on mononuclear cells obtained from the site of infection e.g. from broncho-alveolar lavage [14] .
Sweden has a low incidence of TB (5.5 per 100 000 inhabitants in 2007) [15] . In this setting with a low background prevalence of latent TB, IGRA tests could be useful in the initial diagnostic process in patients with suspected TB [16] . During the last decades, clusters of TB have been observed in large urban centres [16, 17] . Considering the epidemiological situation in many industrialized countries with a disproportionate fraction of TB cases occurring in immigrants from high-incidence countries, the ability of new diagnostic methods to detect patients with active or latent TB in immigrant populations is of great importance.
The principal objective of this study was to define the usefulness of QFT-G in the diagnostic procedure for suspected active tuberculosis among patients in Southern Sweden by calculating PPV and NPV for QFT-G. In order to assess the performance among persons originating from high-prevalence areas, a group of healthy recently arrived immigrants from such countries were compared to those in patients with similar origin. We also aimed to identify factors associated with QFT-G results in patients with confirmed active TB.
Methods

Study population
This study was conducted in Malmö and Lund in Southern Sweden (population ca 400 000). In this area, about 40 cases of TB are reported annually. Study subjects belonged to two categories: case patients with suspected tuberculosis, and healthy immigrants who had recently arrived in Sweden from countries with a high prevalence of TB.
Patients were recruited consecutively from the departments of infectious and pulmonary diseases in the university hospitals in Malmö and Lund between September 2004 and February 2007. Inclusion criteria were: age over 15 years, written informed consent, and ongoing investigation for symptoms or signs for which TB was considered as a differential diagnosis. Medical investigation typically included microbiological testing from affected organs, radiological investigations and histopathological studies, according to disease manifestations. Patients were excluded if TB treatment had been initiated more than 1 week prior to study entry, or if TB investigations were done as part of a routine diagnostic package with no definite clinical suspicion of TB (e.g. patients undergoing bronchoscopy for investigation of pulmonary lesions, in which TB cultures are routinely obtained). For patients with suspected TB, an interview and record-based questionnaire covering general medical history, risk factors for exposure to TB and details concerning ongoing disease and results of medical investigations was completed by either a physician or a specialized nurse. TST was recommended, but not required, for study inclusion.
Since around 80 percent of all TB cases in the study area occur among immigrants from countries with high or intermediate TB incidence [18] we chose to compare results in immigrant patients with active TB with those in healthy subjects with similar geographical origin. A control group of recently (within 7 months) arrived immigrants, aged over 15 years and without significant medical history, were recruited from a primary care centre performing health examinations, which are offered to all immigrants arriving in Sweden. Recruitment of immigrants was performed between March 2006 and Septem-ber 2006. These examinations include a general health questionnaire, voluntary HIV test, chest X-ray and TST.
A TB case was defined as an individual with symptoms and signs compatible with TB and isolation of, or detection of nucleic acid from, Mycobacterium tuberculosis complex from a clinical specimen (microbiologically confirmed TB), or as a patient with tuberculosis clinically suspected by an expert physician, and responding to antituberculosis treatment [19] .
QuantiFERON-TB ® Gold test
Whole blood was collected in heparin-containing tubes for the QuantiFERON ® -TB Gold test (Cellestis Ltd, Victoria, Australia). Samples were transported to the laboratory within 4 hours and incubation with antigens was initiated within 7 hours after collection. Antigens provided in the QFT-G test kit were the 6 kDa early secreted antigenic target (ESAT-6) and culture filtrate protein 10 (CFP-10); in addition to these, TB7.7 (kindly provided by Karin Weldingh; Statens Serum Institut, Copenhagen, Denmark) and purified protein derivative (PPD; Art. No 2390; Statens Serum Institut) were used for incubation experiments. After 16 -24 hours of incubation at 37°C in 5% CO 2 , supernatants were collected and frozen at -20°C until analysis. Concentrations of interferon-gamma (INF-g ) in 50 mL of plasma from whole-blood stimulated with the antigens, mitogen (positive control) or saline (negative control) were measured using the ELISA kit provided with the QFT-G package. A positive result was defined as a concentration of INF-g of ³0.35 IU/mL after subtraction of the INF-g concentration from the negative control in at least 1 of the specific antigens ESAT-6, CFP-10 or TB7.7. The INF-g concentration in the antigen stimulated wells had to be at least half of the concentration of the negative control for the result to be valid. If the mitogen response minus the negative control was < 0.5 the result was defined as indeterminate.
The results of the QFT-G tests were not available to the physicians in charge of the patients, and thus did not influence the diagnostic procedure.
Tuberculin skin test
TST was done by intradermal injection of 0.1 ml (2 TU) PPD (RT23; Statens Serum Institut, Copenhagen, Denmark). Skin induration was measured after 72 hours and was interpreted according to the recommendations by the manufacturer. In most cases TST was done prior to QFT-G or at the same time.
Statistical methods
Positive (PPV) and negative (NPV) predictive values of the QFT-G test among patients were calculated using a final TB diagnosis as true positive and other final diagnoses as true negative outcome. To facilitate comparisons with other studies, calculations of sensitivity and specificity for the diagnosis of active TB were also performed. McNemar test was used to test for overall accuracy. Patients with indeterminate QFT-G results were excluded from the analysis.
Patients originating from high and intermediate prevalence regions were compared with healthy immigrant controls to determine PPV and NPV for active TB of both QFT-G and TST in the immigrant population. In patients with confirmed TB, factors associated with positive or negative QFT-G result were first determined by univariate regression analysis. In order to control for possible confounding factors, variables were then put into a multiple regression model.
For dichotomous variables an odds ratio was calculated. Differences in odds ratio with a p-value <.05 was considered significant. Odds ratios were defined as the exponent of the estimated beta for dichotomous variables. When comparing means for continuous variables the Student's ttest was used for variables with normal distribution. For other variables the Mann-Whitney's non-parametric test was used.
The study procedure was approved by the ethical vetting board, Lund University, Sweden.
Results
Patients with suspected tuberculosis
In 70 of 141 patients, the diagnosis of TB was established, whereas 71 patients received another final diagnosis (most frequent were bacterial pneumonia [17] , cancer [5] , and other respiratory diseases [4] ). Characteristics of the patients are shown in Table 1 . TB was bacteriologically confirmed either by culture, microscopy or polymerase chain reaction (PCR) in 61 patients (87%); in the remaining 9 patients, diagnosis was based on clinical criteria, supported by radiological and/or histopathological findings, and response to anti-tuberculosis therapy.
Patients originating from countries with an estimated TBincidence of more than 20 new cases per 100 000 inhabitants according to the World Health Organization (WHO) [20] were significantly more likely to get a TB diagnosis compared to those from low incidence countries (52/75 vs. 18/66; P < 0.001). Patients with TB were also younger than those with another final diagnosis (median age 38 years vs. 58; P < 0.001). Other parameters analyzed did not differ significantly between patients with confirmed TB and non-TB cases.
QuantiFERON-TB ® Gold results in patients with suspected tuberculosis
Results of QFT-G for respective patient categories are presented in Table 2 . Ten subjects had indeterminate QFT-G results; these patients did not differ significantly from those with a positive or negative QFT-G result with regard to any of the parameters tested.
For the whole group of patients, the PPV and NPV of QFT-G was 71.9% and 67.6%, respectively. The sensitivity and specificity for QFT-G was 63.1% and 75.8% respectively (McNemar test for overall accuracy: P = 0.268).
Among 104 patients with pulmonary disease manifestations, QFT-G was positive in 22 of 44 TB-cases and in 14 out of 60 non-TB patients, (PPV 61.1%, NPV 67.7%; Table  2 ). In this subgroup the sensitivity was 52.4% and the specificity 75.0% (McNemar test: P = 0.392).
Thirty-seven patients had suspected extrapulmonary TB. Out of these, 21 had a positive QFT-G test, 12 had a negative test and in 4 subjects the QFT-G result was indeterminate ( Table 2) . Two of the 21 QFT-G-positive subjects with suspected extrapulmonary TB received a final diagnosis other than TB. The PPV and NPV of QFT-G in subjects with suspected extrapulmonary TB was 90.5% and 66.7% and sensitivity and specificity was 82.6% and 80.0% respectively (McNemar test: P = 0.687).
In the subgroup of patients originating from countries with high or intermediate TB incidence, PPV and NPV were 78.6% and 46.7% respectively (pulmonary and extrapulmonary disease manifestations combined). TB: Tuberculosis; BMI: Body Mass Index * Defined as ³20 cases/100 000 inhabitants ** HIV-infection (n = 6), immunosuppressive treatment (n = 18), diabetes (n = 9), alcohol or drug abuse (n = 9), cancer (n = 4), Mb Down (n = 1) When comparing subjects from high-prevalence countries, the PPV for a positive QFT-G in patients with active TB was 76.7%, and the NPV was 82.7%. The corresponding PPV and NPV for a TST with cut off of 10 mm was 44.3% and 93.9% respectively (Table 3 ). In terms of sensitivity and specificity the results were for QFT-G 67.3% and 89.6% respectively (McNemar test for overall accuracy: P = 0.327) and for TST 91.2% and 54.1% respectively (McNemar test: P < 0.001).
Factors associated with QFT-G result in patients with active tuberculosis
To further explore factors that may influence the QFT-G results in TB-patients, various parameters were tested. The findings are divided with regard to the variable's quality (dichotomous or scale) and are presented in Table 4 and 5. Positive QFT-G results were more common in patients with extrapulmonary TB than in those with pulmonary disease. The concentration of INF-g was also significantly higher in patients with extrapulmonary symptoms compared to patients with pulmonary symptoms (mean 11.3 IU/mL vs. 1.9 IU/mL; Student's t-test: P < 0.001). The difference between women and men was borderline significant, with a higher likelihood of positive results in women (OR 2.70; 95% CI: 0.96-7.62; P = 0.0504).
Mean score of body mass index (BMI; kg/m 2 ) for QFT-G positive TB patients was 22.7 compared to 20.7 for QFT-G negative subjects (Student's t-test: P = 0.043). Patients with a positive QFT-G test had a significantly lower peripheral white blood cell count (WBC) than QFT-G negative subjects (mean 5.9 vs. 8.8 × 10 9 /L; Student's t-test: P < 0.001). In patients with TST results, the skin induration was significantly larger in QFT-G positive individuals (mean 23 mm and 15 mm respectively; Student's t-test: P = 0.025).
In order to account for confounding factors, parameters that may influence the QFT-G result were entered into a logistic regression model (Table 6 ). After controlling for sex and a diagnosis of extrapulmonary TB, the only significant difference was a lower WBC in QFT-G positive individuals.
Antigens for incubation experiments
The antigens added for incubation experiments, TB7.7 and PPD, did not show a significant effect on the results. Six positive QFT-G tests based on TB7.7 only were noted, 2 each in the TB patient group, the non-TB patient group and the group of healthy immigrants. QFT-PPD was used for experiments only and did not give rise to positive QFT-G results alone. The correlation between QFT-PPD and TST was 0.232 (Pearson's correlation test; P = 0.075). In TB patients there was a significant, negative correlation between WBC and QFT-PPD (-3.178; Pearson's correlation test; P = 0.003). 
Discussion
Correct diagnosis of tuberculosis remains a challenge in clinical practice, especially for extrapulmonary disease manifestations for which invasive procedures are required to detect mycobacteria in affected tissues. In this study, performed among patients investigated for suspected TB in a low-prevalence region, the overall usefulness of QFT-G as part of the initial diagnostic procedure was limited, with a low negative predictive value for identifying active TB. Interestingly, we observed that a negative QFT-G reaction was more common in pulmonary TB than among patients with extrapulmonary disease manifestations. Among patients with extrapulmonary disease, QFT-G performed much better. Most patients with extrapulmonary TB in our material had isolated peripheral lymphadenitis. Lymph node biopsies were obtained in several of these patients, and showed pronounced granulomatous inflammatory reaction; in addition, the mycobacterial load was low, since bacterial growth was only detected from biopsies and not in fine-needle aspirates. Such a presentation is common in peripheral tuberculous lymphadenitis in HIV-negative patients, and is related to a strong immune response [21] , further supported by the finding of high IFN-g secretion in such patients [22, 23] .
Our results on the PPV and NPV of IGRA in active TB are in agreement with those reported by others [10, 13, 24, 25] . The limited sensitivity of IGRA tests in active TB could be related to the secretion of IFN-g suppressive factors in active TB [26] , or to the immunological capacity of the host to contain mycobacterial replication [23] . IFN-g secretion has been shown to be inversely correlated to disease severity in patients with TB [23, 27, 28] . Lower rates of IFN-g secretion and higher frequencies of indeterminate IGRA results have also been observed in HIV-infected subjects [29] [30] [31] . We did not find any correlation with QFT-G results and the presence of immunosuppression in our patients; however, the proportion of HIV-infected subjects QFT: QuantiFERON ® -TB Gold; CI: Confidence Interval; BMI: Body Mass Index (kg/m 2 ); TST: Tuberculin skin test 5 patients with indeterminate results excluded * High or moderate TB-incidence is defined as ³20 cases/100 000 population ** For pulmonary TB only (result missing in 2 patients) *** Immune suppression defined as HIV-infection, ongoing immunosuppressive treatment, cancer, diabetes, alcohol or drug abuse [32] , whereas an evaluation of cytokine techniques under different circumstances found that ELISA performance was not much affected by handling conditions [33] . The rate of indeterminate results was 7.1% (10/141) in this study, which is at the same level as reported in other studies on patients with suspected clinically active TB disease [34] . The rate of false negative was 34% in this study (24/70) . There are large variations in the literature but several other studies have reported a similar low sensitivity in patients with active tuberculosis [10, 13, 35, 36] . In our study, all samples were sent to the laboratory and processed within 7 hours; thus, it is unlikely that technical problems explain the high frequency of negative and indeterminate results in patients with confirmed active TB.
It has been suggested to lower the cut-off limits for the IGRA tests in low incidence settings in order to improve sensitivity [37] . Recalculating PPV and NPV in our material using the cut-off limits 0.20 IU/mL and 0.10 IU/mL reduced PPV for patients with pulmonary and extrapulmonary TB respectively. Only the lowest cut-off limit raised the NPV slightly (data not shown). Hence, lowering cut-off limits for the QFT-G would not benefit the test's performance in our setting.
The magnitude and characteristics of immune response are important factors for the pathogenesis and disease manifestations in tuberculosis, and they are likely to be associated with the rate of IFN-g secretion. A parallel may be drawn to leprosy, another mycobacterial infection in which the immune response is critical for disease presentation. In an Indian study, significantly higher IFN-g secretion was detected in patients with tuberculoid variants of leprosy, as opposed to lepromatous forms (in which the Th-1 response is weak) [38] . The association between WBC in peripheral blood and QFT-G outcome in our TB patients could be a reflection of the same phenomenon, and are in agreement with findings reported by Shang and co-workers, showing enhanced peripheral blood leukocytosis in mice with targeted mutation of chemokine receptor 1 and reduced IFN-g secretion [39] . The lower BMI in QFT-G negative TB-patients is also likely to be related to a reduced capacity for INF-g secretion in patients with advanced disease.
When assessing the usefulness of IGRA testing for detecting active TB, the immunological profile of the studied patients should thus be taken into account. Our results may not be applicable for HIV-positive patients. Furthermore, several IGRA techniques have been developed, and in a meta-analysis of commercially available IGRA:s differences with regard to sensitivity and applicability have been found [6, 16] . We used an extended, in-house variant of QuantiFERON ® -TB Gold, with the addition of another MTB specific antigen (TB7.7) apart from those included in the commercial kit. However, the inclusion of this antigen did not appear to affect test outcome. In this study, we have not compared the two different IGRA test methods. Although comparisons between QFT-G and T-SPOT ® . TB suggest that the latter may be more sensitive for diagnosing latent TB, the significance of this difference in clinical practice is not clear. Furthermore, QFT has the advantage of being easier and less expensive to perform than T-SPOT ® . TB testing. Both IGRA test methods have superior specificity for TB compared to TST, but sensitivity is probably lower (depending on the TST cut-off chosen to define TB infection). However, in analogy with QFT-G, false negative TST reactions are common in severe forms of TB [40] .
An important finding from our study is that QFT-G had similar positive and negative predictive values for active TB among native Swedes and immigrants from high-prev- alence countries -a group that presently constitutes the majority of TB patients in Sweden as well as in most other European countries. This is somewhat surprising in view of the limited sensitivity of QFT-G for active TB, and the presumed high prevalence of latent TB among the healthy immigrant controls (TST ³ 10 mm in 39/85, 46%). With regard to the fact that the incidence of TB in the countries of origin among immigrant patients was higher than in controls, it may be anticipated that the exposure to TB was different between these groups. Still, this observation raises further questions regarding the significance of QFT-G and TST for identification of persons infected with M. tuberculosis.
Conclusion
The overall usefulness of QFT-G for identifying active TB was limited among patients investigated for suspected TB in a typical setting in a North-European low-prevalence region. Poor performance was more common in patients with pulmonary disease, whereas the PPV for QFT-G was satisfactory among patients with extrapulmonary disease manifestations. Since TB is more difficult to diagnose in such cases, we suggest that it may be reasonable to consider QFT-G for screening patients with suspected extrapulmonary TB. Furthermore, the PPV and NPV of QFT-G for detection of actitve TB among immigrants from high and intermediate prevalence regions seem to be similar to that observed in non-immigrants.
